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Plant material and calcium carbonate treatments 128 129
Plant material was collected from the wild grapevine population "14/Rute/1", 130 which is located on the banks of the Anzur river in Córdoba province, in the Subbetic 131 mountain range of southern Spain (38º 02' 40''N -05º 07' 17'' W). The soil at the site 132 is a hypercalcic calcisol (FAO 1999) , composed of 41% sand, 34% silt and 25% clay, of 133 pH 7.6-8.1 and 62-67% calcium carbonate (Ocete et al. 2007) . 134
Axillary buds were taken from individuals of Vitis vinifera ssp. sylvestris 135 belonging to the population described above and washed with water and household 136 detergent before gently rinsing with distilled water. The buds were then sterilized by 137 immersion in absolute ethanol (1 m) immediately followed by immersion in a 20% 138 solution of sodium hypochlorite (5% active chloride), with a few drops of 139 for 20 m and finally rinsed three times with sterilized water (5 minutes per rinse). The 140 buds were then placed individually into sterile test tubes (21 x 150 mm) with 8 ml of the 141 nutritive medium described by Troncoso et al. (1990) 
Chemical analysis of plant samples 264
Leaf Fe concentration showed little variation until the 40% CaCO 3 treatment, 265 and then decreased, reaching its lowest value at 60% CaCO 3 . There were no significant 266 differences in root Fe up to 40% CaCO 3 (ANOVA, Tukey test, p > 0.05), but a sharp 267
increase was recorded at 60% CaCO 3 ( Fig. 2A) . Leaf K showed similar values in the 268 control and 20% CaCO 3 treatment (ANOVA, Tukey test, p > 0.05) but decreased under 269 exposure to 40 and 60% external CaCO 3 . Root K showed no clear trend in relation to 270 CaCO 3 content (Fig. 2B) . 271
Tissue N concentrations were similar in the roots and in the leaves (two-way 272 ANOVA, p > 0.05). Leaf N slightly decreased on exposure to 20% CaCO 3 , but showed 273 no clear response to further increases in external CaCO 3 content; root N showed a 274 similar trend, with the decrease found at 20% CaCO 3 sharper than that recorded in 275 leaves (Fig. 2C) . In contrast, leaf P concentration did not show a clear relationship with 276 increasing lime content, with a marked increase occurring at 20% CaCO 3 , whereas root 277 P showed a slightly increasing trend with increased soil CaCO 3 content (Fig. 2D) . 278 279
Gas exchange 280
Net photosynthesis rate (A) decreased significantly with increasing external 281 CaCO 3 level (r = -0.87, p < 0.0001; Fig. 3A) , with the most drastic decline occurring 282 from 40 to 60% soil CaCO 3 . A was directly correlated with RGR (r = 0.65, p < 0.0005). 283
Stomatal conductance (Gs) showed a similar trend to A (Fig. 3B) . In contrast, 284 intercellular CO 2 concentration (Ci) showed a slight increase up to 40% CaCO 3 , and 285 then increased markedly at the highest external CaCO 3 content (Fig. 3C) . 286 CaCO 3 content at dawn, whereas it increased significantly on exposure to 60% CaCO 3 304 at midday (Fig. 4C) . 305 around 50% relative to the non-calcareous control). In our study, plants exposed to 20% 363 soil CaCO 3 presented no reduction in P and K concentrations, and leaf N content only 364 showed a slight reduction of around 12% relative to the control. Our results indicate that 365 calcareous soil conditions do not severely alter the nutritional status of the study 366 species. 367
The study of growth and mineral status may not be sufficient to evaluate the 368 degree of lime tolerance/susceptibility of a certain species. Evaluation of the 369 photosynthetic performance of V. vinifera ssp. sylvestris could therefore provide 370 valuable information by which to rank this species according to its tolerance to high 371 lime conditions. In our study, increasing external CaCO 3 contents reduced net 372 photosynthesis rate (A) and stomatal conductance (Gs). More specifically, A was 373 reduced by 25% and 40% relative to the control in plants exposed to 20% and 40% 374 
